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Polypeptides for Bio-Tethering and Self-Assembly of Lithium Ion Battery
Electrodes
Alex Winton.
Chemistry, UMBC, Catonsville, MD, USA.
The goal of this research is to isolate multifunctional polypeptide sequences for
bio-tethering electrode material and carbon nanotubes in order to decrease in-
ternal resistance in lithium ion batteries thereby improving their performance.
Phage display is the key technique performed in our research. This involves the
use of an M13 bacteriophage library which has been genetically engineered to
express a randomized polypeptide sequence of 12 amino acids on the pIII minor
coat protein. To perform phage display a library of bacteriophage expressing
these randomized polypeptide sequences were mixed with electroactive mate-
rials lithium manganese oxide(LMO) and lithium titanate oxide(LTO). Sam-
ples were then shaken and elution of bound phage was performed by adding
increasing concentrations of surfactant in order to isolate phage that stick
tightly to the electroactive materials. The supernatants from each of the succes-
sive wash rounds were saved and titered. The strongest elutions represent
bacteriophage expressing a peptide sequence with high binding affinity for
the tested materials. Isolated colonies produced from single bacteriophage
were then sequenced. Results have currently been obtained for LTO and
LMO binding peptides. As research progresses we will refine and isolate other
peptides that bind specifically to electroactive materials as well as conductive
carbon nanotubes, current collectors, and separator materials. Binding studies
will be performed to characterize the amino acid sequence as well as to improve
peptide-material interactions, such that electrode binders may be replaced
by these peptides. These peptides will then be used to generate an aqueous,
self-assembling, lithium ion battery electrode.
This work was funded by the UMBC Department of Chemistry and
Biochemistry.
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Shocking the World of Batteries: A Bio-Inspired Approach to Electrode
Construction
Scott J. Riley1,2.
1Chemistry, Frostburg, Brooklyn Park, MD, USA, 2Chemistry, UMBC,
Cantonsville, MD, USA.
In the modern world there exists an ever increasing demand for more efficient
forms of energy storage. Electrochemical cells are the most widely used form
of portable energy storage and are possible candidates for large scale energy
storage. From mobile devices to cars, batteries are integrated into many facets
of daily life, yet little improvement in their performance is being recognized.
While batteries have been improving over the years, the growth is slow and
staggered. An improvement similar to the discovery of lithium ion batteries
needs to be made in order to keep up with demand. This presentation is focused
on maximizing battery performance by interfacing biology and batteries.
My research focuses on using a bio-inspired approach to address battery perfor-
mance. We use the technique of phage display to isolate Solid Binding Peptides
(SBP) that bind specifically to Lithium Cobalt Phosphate (LCP). This technique
has yielded two peptides that bind specifically to LCP. These specific SBPs
are then combined with SBPs that are specific to carbon nanotubes (CNT).
This creates a multifunctional peptide that will be used to bio-tether conducting
CNTs with LCP and thus generate better conducting hybrid electrodes.
This new model for the electrode would enhance multiple aspects of battery
performance, including capacity, cyclabilty, and power.
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Micro- and Nano-Chamber Array Chips for a Single Molecule Analysis
Noritada Kaji.
Nagoya University, Nagoya, Japan.
This paper reports the design, fabrication, and application of micro- and nano-
scale chamber array chips toward a single nucleus assay as a new experimental
format for research in biology.
Micro- and nanoscale chamber array on a chip becomes a powerful new tool for
bioanalysis since it could stochastically capture and measure biomolecules at a
single molecule level. Our fundamental interests are how reaction-space size
affects an enzyme activity and how small space we could extrapolate enzyme
kinetics in small space from old enzyme kinetic data in bulk. So we have
measured a single b-galactosidase activity in various sizes of micro and nano-
chambers, from 5 mm to 500 nm cubic, and found that the activity gradually
decreased according to its chamber size. Because the specific surface area in-
creases according to the decrease of the chamber volume, non-specific adsorp-
tion might be a factor to suppress the activity. However, several experiments
including surface coating and repetition of the enzyme capturing elucidated
that non-specific adsorption is not a major factor affecting the activity.In the field of gene delivery systems, it is still unknown that virus vector
showed much higher transportation efficiency of plasmid DNA from cytoplasm
to nucleus in contrast to non-virus vectors. To improve gene transportation
efficiency, which directly lead to increase transfection efficiency, gene trans-
portation mechanism through nucleus membrane should be cleared. But
unfortunately there are no experimental protocol to quantitatively evaluate
the transportation efficiency through the nucleus membrane. So, in this study,
nuclei were extracted from cells by gentle detergent treatments and captured
into a PDMS or PMMA microchamber at a single nucleus level. After the
confirmation of capturing a single nucleus into a microchamber, nucleotides
and nuclear membrane stained nuclei, transportation of mRNA by molecular
beacon were observed.
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Decoding Long Nanopore Reads of Bacteriophage Phi X 174
Andrew H. Laszlo, Ian M. Derrington, Brian C. Ross, Henry Brinkerhoff,
Andrew C. Adey, Ian C. Nova, Jon M. Craig, Kyle W. Langford,
Jenny Mae Samson, Riza Daza, Kenji Doering, Jay Shendure,
Jens H. Gundlach.
Physics, University of Washington, Seattle, WA, USA.
Nanopore DNA sequencing is a single molecule sequencing technique with
promise for long reads, low cost, and minimal sample preparation. We have
built on our progress in nucleotide sensitivity and DNA control to interpret
the procession of ion current levels observed as DNA translocates through
the nanopore MspA. Approximately 4 nucleotides affect the ion current of
each level, therefore, we measured current corresponding to all 256 4-nucleo-
tide combinations (quadromers). This quadromer map proves to be highly
predictive of ion current levels for nanopore reads of bacteriophage phi X
174. We show nanopore sequencing reads of up to 4,500 bases in length, which
can be unambiguously aligned the phi X 174 reference genome. We also
demonstrate proof of concept hybrid genome assembly and polymorphism
detection.
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A Systematic Method for Designing DNA Nanostructure Assembly
Processes
John Zenk, Chanon Tuntivate, Rebecca Schulman.
Johns Hopkins University, Baltimore, MD, USA.
Inspired by the complexity and diversity of biological structures that
self-assemble in vivo, a fundamental goal of bionanotechnology is to self-
assemble biomolecular complexes with defined architecture from a set of
starting components. To design such structures, many standard methods
involve constructing components that strongly bind to their neighbors through
orientation-specific interactions. While these design methods ensure the target
structure is favored thermodynamically, in practice the yields of the resulting
assembly processes vary widely and do not conform to equilibrium predictions.
To investigate why yields might be limited, we have developed a simple model
of biomolecular complex self-assembly using reported rate constants and ther-
modynamic parameters typical for biomolecular components. Such a coarse-
grained model is particularly useful in cases where we consider the assembly
of engineered components and purposely design the process to include simple
interactions. With these kinetic simulations, we show that even though com-
plexes are small and equilibrium is well defined, rarely is thermodynamic
equilibrium achieved over timescales commensurate with experiments. We
find that rates of complex nucleation and component rearrangement together
determine assembly yields.
Our goal is to use this model in conjunction with experimental information
to build a computer-guided, scalable design process for DNA origami com-
ponents. We have used fluorescence-quenching assays to measure origami-
origami reaction rates and equilibrium constants that are driven by specific
Watson-Crick complementary (i.e., ‘‘sticky end’’) interactions. A feedback
loop between experimental measurements of a self-assembly process and a
coarse-grained, computationally tractable model can guide the design of the
assembly process by making it possible to focus our assembly efforts on
specific interactions that make a strong difference in yields, or to redesign
the process to include qualitatively new types of component interactions.
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Microfluidics for Rare Cell Capture
Chwee Teck Lim.
Mechanobiology Institute & Dept of Biomedical Engineering, National
University of Singapore, Singapore, Singapore.
The presence and frequency of rare cells such as Circulating Tumor Cells
(CTCs) in bloodstream of patients with epithelial cancers is an important
intermediate step in cancer metastasis and can provide valuable insights
into disease stage and treatment evaluations. In fact, the presence and number
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ease and have potential use for early detection, diagnosis, prognosis and treat-
ment monitoring. Nevertheless, their numbers are rare, typically less than one
to about a hundred cells in 1ml of blood. The isolation of CTCs using micro-
fluidics is attractive as the flow conditions can be accurately manipulated to
achieve an efficient separation. Here, we will demonstrate several effective
microfluidic separation methods by utilizing the unique biophysical property
differences such as size and deformability of cancer cells from that of blood
cells as well as exploiting the fluid dynamics in specially designed microflui-
dic channels to isolate the generally stiffer and larger CTCs from the more
deformable and smaller blood cells. Using this approach, we are able to
retrieve viable CTCs with high isolation efficiency and purity. With blood
specimens from cancer patients, we confirmed the successful detection, isola-
tion and retrieval of CTCs. Identification of CTCs will aid in the detection of
malignancy and disease as well as allow further insights into the metastatic
process.
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Effect of Magnetic Nanoparticles on Improving Doxorubicin Treatment of
T47D Breast Cancer Cells
Sarah A. Alobaid1, Yuan You1, Hasanain D. Al-Saadi2, Michael J. Rossi1,
Saion K. Sinha3.
1Biology & Environmental Science, University of New Haven, West Haven,
CT, USA, 2Electrical and Computer Engineering, University of New Haven,
West Haven, CT, USA, 3Physics & Electrical and Computer Engineering,
University of New Haven, West Haven, CT, USA.
Chemotherapeutic and anticancer therapeutics face restricted usage at higher
concentrations, because of potential serious side effects on healthy cells. There-
fore, finding more effective delivery mechanisms may enhance the efficacy of
the compounds and decrease side effects. Recently, Magnetic Nanoparticles
(MNP) have been demonstrated to increase the performance of some anticancer
drugs. In the current study the effect of MNPs used in tandem with an anti-
cancer drug was studied on breast cancer cell lines with and without the effect
of external magnetic field.
MNP (functionalized and biocompatible Fe3O4 NPs 160 nm diameter) was
coupled with Doxorubicin (DOX), a commonly used anti-breast cancer drug,
and magnetically delivered to T47D breast cancer cells. Control studies were
performed with the intrinsic MNP and it was observed that they are not toxic
to the cells. 50% cell viability was observed with a 1 mg/ml concentration of
DOX and this concentration was further used for MNP studies. TheMNPs com-
bined with DOXwere magnetically delivered to the cancer cells, both as a func-
tion of time and magnetic field. Optical and Atomic Force Microscope (AFM)
were used to study the effect of these external parameters on the MNP penetra-
tion into the cell. From these microscopy studies. It was observed that more
MNP entered the cells with increasing time and magnetic field until a saturation
point was reached. Also it was observed that there was a 20% increase in cell
mortality for the cells treated with DOX l MNPs. This study was then modelled
with variable permeability medium and thus an optimum value of the time and
magnetic field was obtained.
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Novel ‘Theranostic’ Magnetic Nanoparticles for Therapy and Imaging
Farah Benyettou1, Rachid Rezgui2, Ali Trabolsi1, Mazin Magzoub2.
1Chemistry, NYU Abu Dhabi, Abu Dhabi, United Arab Emirates, 2Biology,
NYU Abu Dhabi, Abu Dhabi, United Arab Emirates.
We report the development of a novel therapeutic nanoplatform, Targeted
Chemotherapeutic Nanoparticles (T-CNPs), for the diagnosis and treatment
of cancer. The T-CNPs are composed of iron oxide NPs that are functionalized
with water-soluble organic nanocontainers - for the encapsulation of a
combination of hydrophobic and/or hydrophilic drugs that can act synergisti-
cally - and conjugated to cell-penetrating peptides (CPPs) to enhance specific
targeting of tumors and internalization into cancer cells. The nanoplatform is
designed to simultaneously target a tumor, monitor it by magnetic resonance
imaging (MRI), and treat the disease by controlling the gradual release of the
delivered anti-cancer drugs using a non-invasive external stimulus, which
will concurrently induce hyperthermia. We will highlight new ways for the
active release of encapsulated drugs, particularly by an external magnetic field,
and promote the understanding of complex in vivo phenomenon when the
molecules are optimally delivered. The nanoplatform combines stability,
biocompatibility, and dual-purpose functionality (tumor treatment and imag-
ing), with multiple therapeutic strategies (targeted drug delivery and hyperther-
mia). Our system therefore consolidates diagnosis and targeted therapy into
a single, centralized system of treatment. This novel ‘theranostic’ strategy
has the potential to pave the way for treatment of cancer in a highly selective
and effective, yet relatively sensitive, manner.Engineered Biosurfaces
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Pushing Micropatterning to the Nanoscale
Martin Fo¨lser1, Marco Lindner2, Eva Sevcsik1, Iris Bergmair2,
Gerhard Schu¨tz1.
1Vienna UT, Wien, Austria, 2Profactor GmbH, Steyr, Austria.
Protein-protein interaction in live cell membranes can be shown by labelling
the proteins of interest and mapping the distribution of the respective fluores-
cent signal in the membrane. Colocalization analysis of the images can indicate
affinity of whatever kind, however background fluorescence, the excess of one
interaction partner, coincidental overlaps and the difficulties of multicolor-
imaging limit applicability and sensitivity of the approach. We presented a
method to circumvent many of the difficulties by arranging one of the proteins
as bait in a well-defined pattern in the cell membrane and measuring and
comparing the abundance and diffusion characteristics of the second protein
in bait-rich and bait-depleted areas and tested it on proteins of the immunolog-
ical synapse as we showed the recruitment of Lck to CD4-enriched areas. To
create those patterns the bait protein is immobilized by antibodies that are
linked to Streptavidin, which is deposited in an underlying structure using
soft lithography. The standard protocols for this technique allow only the cre-
ation of feature sizes which are at least one order of magnitude larger than the
supposed size of functional domains in the cell membrane. To miniaturize the
size of patterns to widths of 200nm and below great efforts in lithography are
required as substrates have to be chosen more carefully and novel stamp mate-
rials such as polyhedral oligomeric silsesquioxane, which contain custom
tailored functional groups, have to be used to achieve optimal stiffness control.
The characterization of the imprints using combined AFM and fluorescence
microscopy reveals a large environmental influence (humidity, temperature)
during deposition of proteins and storage on the quality of the imprint and
the substrate -protein binding affinity. We further investigate the micro- and
nanoscale homogeneity of deposited streptavidin and demonstrate the usage
of the miniaturized platform as a protein-protein interaction assay.
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Structural and Functional Study of Midbody during Cytokinesis
Rongqin Li, Weiwei Zhang, Q. Peter Su, Boxin Xue, Yujie Sun.
Biodynamic Optical Imaging Center, Peking University, Beijing, China.
Midbody, an organelle forming during cytokinesis, plays a pivotal role in the
final step of mitosis via recruitment of proteins and regulation of vesicle fusion.
Recently, many studies are emerging to reveal the molecular mechanism for the
functions of midbody-located proteins in cellular bridge abscission. Here, we
aim to resolve the morphology and infrastructure of midbody to understand
its role in cytokinesis. To achieve this goal, we apply super-resolution fluores-
cence imaging and atomic force microscopy (AFM) to uncover the relationship
between midbody structure and functions. We focus our attention on central-
spindlin, a tetramer composed of two MKLP1 and two MgcRacGAP, which
is critical for midbody formation. We found that microtubule-associated pro-
tein MKLP1 is a ring-like structure, the length and width of which is about
1.5 micron and 1 micron, respectively. Midbody height acquired by AFM is
about 700 nanometer. The petal-like protrusions on the top of midbody exhibit
large rigidity as high as 500kPa. Interestingly, AFM results show that midbody
is an asymmetric, palm-wrapping-fist structure. We speculate that the asym-
metric structure may be responsible for the asymmetric abscission during
cytokinesis.
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Probing the Minimum Geometric Requirements for T-Cell Stimulation
Haogang Cai1, David Depoil2,3, Michael P. Sheetz4, Michael L. Dustin2,3,
Shalom J. Wind5.
1Department of Mechanical Engineering, Columbia University, New York,
NY, USA, 2Department of Pathology, New York University, New York, NY,
USA, 3Kennedy Institute of Rheumatology, University of Oxford, Oxford,
United Kingdom, 4Department of Biological Science, Columbia University,
New York, NY, USA, 5Department of Applied Physics and Applied
Mathematics, Columbia University, New York, NY, USA.
The immune recognition process involves an elaborate arrangement of adhe-
sion, costimulatory and signaling molecules organized into a stereotypic
geometric structure known as the immunological synapse (IS). We have
developed a versatile engineered platform to probe the minimum geometric
requirements (in terms of spacing and stoichiometry) for T-cell stimulation.
Arrays of metallic nanodots, ~ 2-10 nm in size, to which a UCHT1 Fab anti-
body was bound, were created by nanolithography. These served as individual
T-cell receptor (TCR) binding sites. The adhesion molecule ICAM-1 was
either statically bound to a PEG-silane brush surrounding the nanodots, or
